Nucleotide sequence analysis of the cytochrome-b gene of mtDNA and univariate and multivariate statistical analyses of cranial morphology were used to determine the evolutionary status of relictual, isolated populations of pocket gophers (genus Geomys) from the Ozark Mountains of Arkansas. Results of the mtDNA sequence analysis indicated that populations from the Ozark Mountains are most similar to G. bursarius missouriensis in Missouri and not to geographically proximate populations of G. breviceps. Morphological analyses were concordant with those results. Our findings confirm earlier work comparing similarities in allozymes and species-specific ectoparasites. Nucleotide sequence and morphological divergence between the Ozark populations and G. bursarius missouriensis are typical of differentiation between other subspecies of G. bursarius. We conclude that populations of pocket gophers isolated in the Ozark Mountains represent a discrete genetic entity and should be recognized as a new subspecies.
Eastern pocket gophers (Geomys) are represented by 8 extant species ranging primarily throughout the Great Plains of the central United States. Six of these species ( Fig. 1) occur east of the front range of the Rocky Mountains from southern Manitoba to southern Texas and eastward to the Mississippi River, extending across this river in a narrow band through Illinois and into northwestern Indiana (Bohlin and Zimmerman 1982; Cothran and Zimmerman 1985; Hall 1981) . Two species, G. tropicalis and G. pinetis, occur as disjunct isolates in coastal areas of the Mexican state of Tamaulipas and in the southeastern states of Alabama, Georgia, and Florida, respectively (Hall 1981) .
Distribution of eastern pocket gophers over this broad geographic area reveals a mosaic of multiple fragmented populations * Correspondent: elrod@unt.edu due primarily to their specialized habitat requirements. They may occur in a wide variety of grassy habitats but prefer deep loose-textured soils (Miller 1964) . The low vagility of pocket gophers leads to restricted gene flow and small effective population sizes, contributing to increased opportunities for stochastic events such as genetic drift and bottlenecks that genetically structure local demes (Nevo 1979 (Nevo , 1982 Feder 1978, 1981; Patton and Yang 1977; Penney and Zimmerman 1976; Zimmerman 1988; Zimmerman and Gayden 1981) .
One polytypic species of Geomys, the plains pocket gopher, G. bursarius, occurs over much of the Great Plains from Manitoba, Canada, to Texas. A 2nd species, G. breviceps, has a more restricted distribution in eastern Texas and Oklahoma and northern Louisiana and, until recently, was the only species of pocket gopher thought to occur in Arkansas. Using allozyme electrophoresis and ectoparasite analysis, Elrod et al. (1996) determined that relictual, isolated populations of pocket gophers occurring in the Ozark Mountains of north-central Arkansas were most closely allied to G. bursarius and not to the more widespread species in the state, G. breviceps (Fig. 1) . These populations appear to be isolated by about 150 km from the range of G. bursarius to the north in Missouri.
Our study was undertaken to establish the taxonomic status of relictual populations of G. bursarius in the Ozark Mountains of Arkansas. Nucleotide sequences of the mitochondrial cytochrome-b gene and morphologic variation were assessed among populations of the isolates in the Ozark Mountains, several subspecies of G. bursarius, and G. breviceps to determine the extent to which geographic isolation has contributed to genomic modification and to provide insight into the biogeographic history of these unique populations.
MATERIALS AND METHODS
Pocket gophers were collected using Victor gopher traps (Woodstream Corp., Lititz, Pennsylvania) checked about every 2 h. Voucher specimens were prepared and tissues (liver and muscle) removed and stored at Ϫ80ЊC for DNAsequence analyses. All specimens were deposited in the Vertebrate Museum at the University of Arkansas at Little Rock.
For analyses of mtDNA-nucleotide sequences, specimens were obtained from localities across the ranges of G. bursarius and G. breviceps. The cytochrome-b gene of mtDNA was compared among exemplary specimens that serve as representatives of 10 taxa and the Ozark populations of Geomys. A comprehensive analysis of those and other taxa will be presented elsewhere (P. D. Sudman, in litt.). Those specimens used for DNA-sequence analysis are referable to the following subspecies (Hall 1981 Genomic DNA was obtained from liver tissues following Hillis et al. (1990) . Polymerase chain reaction (PCR-Saiki et al. 1986 , 1988 was performed to amplify the entire cytochrome-b gene utilizing modified Thermus aquaticus (Taq) DNA polymerase (Promega, Madison, Wisconsin) . Initial amplifications were performed using 2 primers (L14735, 5Ј-TGAAAAACCATCGTTGTTAATTCAACT-3Ј, and H15906, 5Ј-CATCTCCGGTTTACAAGA CCTAAGTAAT-3Ј) designed to anneal within the t-RNA genes flanking the mitochondrial cytochrome-b gene. Those primers were modifi-cations of those listed by Irwin et al. (1991) specifically for use with geomyid DNA. Additional primers used in subsequent amplifications or sequencing reactions included H15149, L15049, H15915, L15408, L15513, and H15275 (Edwards et al. 1991; Irwin et al. 1991) . L and H refer to the 3Ј position of each primer with reference to light and heavy strands of human mitochondrial DNA, respectively (Anderson et al. 1981) . Primers L14735 and H15906 were used in double-stranded PCR amplifications in 50-l reactions volumes. Each reaction included 3 l each primer (10 M), 2 l MgCl2 (25 mM), 6 l deoxynucleoside-triphosphate mixture (dATP, dGTP, dCTP, and dTTP, 1 M each), 5 l 10 ϫ Taq buffer, and 1.25 units Taq DNA polymerase. PCR thermal cycling parameters were initial denaturation at 94ЊC for 2 min followed by 35 cycles of 94ЊC for 1 min, 56ЊC for 1 min, 72ЊC for 2 min, and a final 72ЊC extension for 10 min.
Single-stranded DNA suitable for nucleotide sequencing was generated by using 5 l of the double-stranded product in a 100-l asymmetric reaction; the same conditions were outlined for symmetric reactions, except only 25 cycles were performed. Single-stranded product was purified prior to sequencing and concentrated to 25 l using Ultrafree-MC 30,000-NMWL filters (Millipore Corp., Bedford, Massachusetts). Sequencing reactions were performed on 7 l of the resulting single-stranded template using T7 DNA polymerase (Sequenase version 2.0, United States Biochemical, Cleveland, Ohio) following standard dideoxy chain-termination protocols (Sanger et al. 1977) . DNA sequences were deposited in GenBank, and accession numbers are AF158688-AF158698.
Phylogenetic analyses were conducted using PAUP version 4.0b2 (Swofford 1999) and MEGA version 1.01 (Molecular Evolutionary Genetic Analysis- Kumar et al. 1993) . Geomys pinetus, considered the most primitive species in the genus (Russell 1968) , was designated as the outgroup. In an effort to determine whether individuals from the Ozark populations were related more closely to G. bursarius than to G. breviceps and the proper placement of the Ozark populations within the taxonomic and systematic framework relative to other members of the genus Geomys, we used a modification of the protocol outlined by Sullivan et al. (1997) . Initial trees were generated by conducting an exhaustive search using parsimony with equal weights.
Additional parsimony searches were conducted by downweighting transitions by factors of 2, 5, and 10. Finally neighbor-joining trees were generated from distance estimates (Kimura 2-parameter model- Kimura 1980) . Trees obtained by weighting and distance analyses were compared with the pool of unweighted parsimony trees, and 4 tree topologies were chosen for use in evaluating among-site rate variation models for maximum-likelihood searches using the Hasegawa-Kishino-Yano substitution model (Hasegawa et al. 1985) . Among-site rate variations examined included those listed by Sullivan et al. (1997) . After the most realistic evolutionary model was determined, a maximum-likelihood search was conducted to recover the tree with the highest likelihood (using averages for transition to transversion ratios and gamma values derived from the four tree topologies analyzed previously), and a bootstrap (100 replicates) was performed to assess branch support. Additional nodal support was assessed with the Bremer decay model (Bremer 1994) , implemented in AutoDecay version 4.0 (Eriksson 1998) . Finally, support for parsimony trees was determined by bootstrapping (500 replicates).
For the morphological analysis, specimens collected for this study, as well as specimens from the United States National Museum of Natural History, Vertebrate Museum at the University of Arkansas at Little Rock, and the Texas Cooperative Wildlife Collection, Texas A&M University, were examined. Twelve morphometric measurements were recorded from 75 known G. breviceps from 9 counties in Arkansas (Franklin, n ϭ 1; Grant, 1; Jefferson, 1; Little River, 33 ; Miller, 1; Nevada, 1; Pulaski, 20; Saline, 16 ; Sebastian, 1), 103 G. bursarius missouriensis from 3 counties in Missouri (St. Louis, n ϭ 97; Carter, 1; Wayne, 5), and 35 individuals from Ozark populations collected in Izard County, Arkansas. Measurements were taken with digital calipers to the nearest 0.01 mm. Each skull was assigned to 1 of 4 age classes (Hendricksen 1972) . Only adult females were used in morphometric analyses because older males exhibit pronounced secondary sexual characteristics and become rugose with increased age (Honeycutt and Schmidly 1979 were performed using Statistical Analysis Systems (SAS Institute Inc. 1998).
RESULTS
Excluding the outgroup, G. pinetis, 262 of 1,140 bp were variable, and 120 were phylogenetically informative. Of the variable characters, 47 (19.65%) occurred at the 1st codon position, 9 (4.21%) at the 2nd position, and 206 (76.14%) at the 3rd position. Of the 120 phylogenetically informative characters, 19 (15.57%), 2 (1.79%), and 99 (82.63%) occurred at the 1st, 2nd, and 3rd codon positions, respectively. Total nucleotide variability represented 31 variable amino acids distributed throughout the cytochrome-b gene. The Ozark population differed from G. breviceps by 148 nucleotide substitutions, while mean number of substitutions between this population and 8 subspecies of G. bursarius was 69, and least number of nucleotide substitutions (42) occurred between the Ozark population and G. bursarius missouriensis. Transitionto-transversion ratios ranged from 2.18 between the Ozark population and G. pinetis to 16.00 between G. bursarius major and G. bursarius illinoensis (Table 1) .
The Kimura 2-parameter distance between the Ozark population and G. breviceps was 0.146 (Table 1) , and mean distance between the Ozark population and 8 subspecies of G. bursarius was 0.060, (0.038-0.087), with the Ozark population most similar to G. bursarius missouriensis. Genetic distance between the Ozark population and G. bursarius missouriensis was comparable to or greater than pairwise combinations of other subspecies of G. bursarius, including G. bursarius majusculus-G. bursarius illinoensis (0.038), G. bursarius halli-G. bursarius jugossicularis (0.0288), and G. bursarius majusculus-G. bursarius major (0.013).
An exhaustive parsimony search based on equal weights produced 2 equally parsimonious trees (342 steps, consistency index ϭ 0.59, retention index ϭ 0.58, excluding uninformative sites). One of those trees (Fig. 2a ) also was recovered from the neighbor-joining analysis of the Kimura 2-parameter distances. The other most-parsimonious tree differed in joining G. b. illinoensis with the G. bursarius bursarius-G. bursarius majusculus clade rather than the G. bursarius missouriensis-Ozark population clade. Parsimony analyses with differential weighting of transitions to transversions (transitions downweighted by factors FIG. 2.-Phylogenetic relationships among taxa of Geomys based on analyses of nucleotide data from the mitochondrial cytochrome-b gene. a) One of 2 most-parsimonious trees recovered assuming equal weights of all characters. b) Tree with the lowest likelihood score when tested by all among-site variations with the HasegawaKishino-Yano substitution model of evolutionary change. Numbers below each node indicate bootstrap values recovered from maximum-likelihood analyses (100 replicates) using the Hasegawa-Kishino-Yano model of evolution and assuming that rates at all sites followed a discrete approximation to the gamma distribution; gamma and transition to transversion ratios were fixed to mean values obtained from the initial data set; numbers above each node represent Bremer decay values. c) A consensus tree produced via bootstrap analysis (500 replicates) using maximum parsimony with transitions downweighted by a factor of 2. Numbers above each node represent bootstrap values. of 2, 5, and 10) recovered 5 trees. Downweighting by a factor of 2 again recovered the trees produced through unweighted parsimony, plus another similar tree (Fig. 2b) , while 1 tree was recovered through downweighting by factors of 5 and 10. The latter tree (not shown) differed from that in Fig.  1a but had the same basic topology. Geomys breviceps was still the most distant of the ingroup taxa, followed by 2 major clades: G. bursarius lutescens-G. bursarius halli-G. bursarius jugossicularis and G. bursarius missouriensis and the Ozark population as sister taxa along with G. bursarius major, G. bursarius illinoensis, G. bursarius bursarius, and G. bursarius majusculus. Under parsimony with equal weights, that tree was 5 steps longer than the mostparsimonious tree, while the other tree recovered via downweighting by a factor of 2 was 2 steps longer. Maximum-likelihood estimates utilizing the HKY substitution model and the 4 models of among-site variation presented by Sullivan et al. (1997) showed that one of the trees in Fig. 2b consistently had the lowest likelihood score, indicating a better fit than all other trees examined (Table 2) . However, decay indices and bootstrap values indicate that support for each node differed between trees depicted in Figs. 2a and 2b. Therefore, a strict consensus tree (Fig. 2c ) most accurately depicted our assessment of relationships between the taxa.
In all analyses, the Ozark population formed a clade with G. bursarius missouriensis. That sister-taxon relationship held regardless of the type of data treatment. By forcing the Ozark population to form a sister-taxon relationship to the other geographically proximal taxon, G. breviceps sagittalis, a tree resulted that was 68 steps longer than the 2 most-parsimonious unweighted trees and 66 steps longer than the tree depicted in Fig. 2b . Statistical comparisons via Templeton significance test of PAUP indicated that the trees uniting G. breviceps sagittalis and the Ozark population differed from those depicted in Fig. 2 (all compar-TABLE 2.-Negative log-likelihood (ϪIn L) scores for each of 4 trees most frequently recovered via different modes of parsimony analysis. Each tree was analyzed using the HKY substitution model and 4 among-site rate variation models as presented by Sullivan et al. (1997) . Trees 1 and 2 had an unweighted parsimony length of 342 steps, while trees 3 and 4 were 343 and 344 steps in length, respectively. Tree 1 depicted in Fig. 2a, tree 4 in Fig. 2b, trees 2 and 3 isons P Ͻ 0.0001). Furthermore, Templeton significance tests indicated that forcing a sister-taxon relationship between the Ozark population and G. bursarius illinoensis did not result in a different tree compared with either maximum-likelihood or maximumparsimony trees shown in Fig. 2 (P ϭ 0.0578 and 0.0588, respectively). All other sister-taxon possibilities pairing the Ozark population with other subspecies of G. bursarius were significant (all P Ͻ 0.01).
Morphological analysis of adult female pocket gophers included 3 operational taxonomic units: G. breviceps, G. bursarius missouriensis, and individuals from the Ozark Mountains in Arkansas. Based on univariate statistics, a general trend in character means was apparent (Table 3) . Specimens of G. breviceps had lowest means for all characters with the exception of least interorbital width, while samples of G. bursarius missouriensis had the largest character means with the exception of least interorbital width. The Ozark populations had character means that were consistently intermediate between those of the 2 known groups. G. breviceps, G. bursarius missouriensis, and the Ozark populations differed significantly for 11 of the 14 measurements. For 2 of the remaining measurements, zygomatic breadth and 1st-molar width, the Ozark populations did not differ from G. Loadings from a multivariate principal components analysis, which indicate the correlation of characters with the first 3 principal components (Table 4) , represent a cumulative 86.5% of the total interlocality phenetic variation. Principal component 1 represented 71.5% of the variation and was essentially a size factor with no high correlations. The 2nd principal component represented 8.5% of the variation, with high positive loadings for least interorbital width and braincase width. Principal component 3 represented 6.6% of the variation with high positive loadings for least interorbital width and high negative loadings for braincase width. Construction of 95% confidence ellipses around the means for characters in the principal components analysis (Fig. 3) indicated little overlap in ellipses with major differences between the orientation of the variation. Neither mean was included in 95% confidence ellipses of the alternate taxa.
Using G. breviceps from Arkansas and G. bursarius missouriensis as knowns and pocket gophers from the Ozark Mountains in Izard County as unknowns in a discriminant function analysis, all characters in combination were found to be useful discriminators, and all known G. breviceps and G. bursarius missouriensis were classified correctly. All specimens from the Ozark populations were classified with G. bursarius missouriensis. First-molar width (1.33) and posterior molar to anterior incisor length (4.14) were the most positively weighted, and condylobasal length (Ϫ1.85) and palatal length (Ϫ2.88) were the most negatively weighted characters based on raw discriminant function coefficients of canonical 1 variables. Rostral height (1.17) and posterior molar to anterior incisor length (1.25) were the most positively weighted, and palatal length (Ϫ1.65) and least interorbital width (Ϫ2.34) were the most negatively weighted characters of canonical 2 variables.
Specimens of G. bursarius missouriensis from Carter and Wayne counties in southeastern Missouri (Fig. 1) referred by Heaney and Timm (1983) as G. lutescens [bursarius] major, also were examined in a discriminant function analysis as unknowns using the Ozark populations and G. bursarius missouriensis as knowns. All specimens from Carter and Wayne counties were classified with G. bursarius missouriensis, with posterior probabilities of 75.5-99.9%.
DISCUSSION
Numerous studies on the genus Geomys indicate that local populations differentiate under influences of a variety of factors that relate to the biology of fossorial rodents. It has become clear that low degree of vagility, isolation of populations, founder effects, and parameters of population dynamics such as low effective population sizes result in high levels of genic divergence in Geomys (Baker et al. 1989; Block and Zimmerman 1991; Bohlin and Zimmerman 1982; Cothran and Zimmerman 1985; Davis 1986; Zimmerman and Gayden 1981) , chromosomal variation (Baker et al. 1989; Dowler 1989; Honeycutt and Schmidly 1979; Tucker and Schmidly 1981) , and morphological differentiation Timm 1983, 1985; Honeycutt and Schmidly 1979; Hendricksen 1972) . These differences are often concomitant with reproductive isolation between cryptic species.
Based on allozyme similarities and conspecific chewing lice, Elrod et al. (1996) presented evidence that populations of Geomys in north-central Arkansas were allied more closely with G. bursarius missouriensis to the north than with the more widespread species in the state, G. breviceps. Analysis of nucleotide sequences of the cytochrome-b gene of mtDNA for several subspecies of G. bursarius confirms this conclusion (Table 1; Fig. 2) . We cannot state definitively that the Ozark population is a sister taxon to G. bursarius missouriensis. Templeton significance tests revealed that trees uniting the Ozark population with G. bursarius illinoensis are not statistically different than the arrangements depicted in Fig. 2 . However, as all tree-building methods employed joined the Ozark population with G. bursarius missouriensis in a sistertaxon relationship, and because of the low P-values obtained when uniting the Ozark population with G. bursarius illinoensis, we feel that the available data (DNA-distance values, transition-to-transversion ratios, tree topologies, and geography) suggest that these 2 populations share a recent common ancestor and are depicted more accurately as sister taxa. Furthermore, the tree generated from our cytochrome-b sequence data was presented previously (Heaney and Timm 1983) . Concordance of these 2 independent data sets, derived from different measures of divergence, implies that our subspecific phylogeny and placement of the Ozark population within the phylogeny is robust.
A morphological comparison of the Ozark populations to G. bursarius missouriensis and G. breviceps supports differentiation of the Ozark populations (Tables 2  and 3 ; Fig. 3) . In a morphological analysis of Geomys, Honeycutt and Schmidly (1979) suggested that size variation described by principal components analysis axes 1 and 2 was demonstrative of interspecific variation. Moreover, they suggested that intraspecific, and presumably subspecific, variation was explained by axis 3. Although axis 3 typically represents Ͻ10% of the variation in morphometric studies, there is precedence from other investigations on pocket gophers that have utilized variation represented by axis 3 to explain differentiation in pocket gophers (Honeycutt and Schmidly 1979 ; J. W. Demastes and M. S. Hafner, in litt.). Furthermore, in our study, the amounts of variation explained by principal components 2 and 3 were similar: 8.5% and 6.6%, respectively. Therefore, use of variation expressed by axes 1 and 3 in our principal components analysis to demonstrate morphological differentiation seems warranted.
The degree of overlap between geographically adjacent populations in the principal components analysis, as reflected by ellipses of 95% confidence limits (Fig. 3) , are comparable to or greater than differences observed among recognized subspecies of G. bursarius examined by Heaney and Timm (1983) . These results can be contrasted to the analysis of Honeycutt and Schmidly (1979) , who found greater similarities between local populations of Geomys in Texas. In that study, degree of overlap in cranial morphology was extensive, and ellipses that reflected 1 standard deviation around population means included centroids of others in Ͼ50% of the populations included in their study. Our results demonstrate differences in cranial morphology between Ozark populations and G. bursarius missouriensis that are typical of differentiation between other subspecies of Geomys (Heaney and Timm 1983) . Lack of complete separation in the principal components analysis between the Ozark populations and G. bursarius missouriensis may reflect similarities in soil composition and texture (Hendricksen 1972; Wilkins and Swearingen 1990) .
Collectively, concordance of allozymes, external parasites, nucleotide sequences of the cytochrome-b gene of mtDNA, and cranial morphology confirm that populations of Geomys isolated in the Ozark Mountains of northern Arkansas are related most closely to populations of G. bursarius to the north in Missouri. However, degree of genetic differentiation of the Ozark populations from those in Missouri is typical of that between other subspecies of G. bursarius. For example, amount of nucleotide-sequence divergence between the Ozark population and G. bursarius missouriensis (0.0381) is equivalent to or greater than that between several currently recognized subspecies (Table 1) . We conclude that because these populations represent a discrete genetic and morphological entity and are geographically isolated from other recognized taxa of Geomys, they should be ascribed to a new subspecies of G. bursarius.
Geomys bursarius ozarkensis, new subspecies
Holotype.-Adult male, skin (adult pelage) and skull, no. 5708; Vertebrate Museum, University of Arkansas Little Rock, obtained on 10 October 1996 by D. A. Elrod from 3 mi S Melbourne, Izard County, Arkansas.
Distribution.-Currently known from extreme southern Izard County and possibly northeastern Stone County, Arkansas.
Diagnosis.-Size relatively smaller than that of G. bursarius missouriensis in most cranial measurements; pelage of dorsum blackish brown washed with black, that of the ventor gray washed ochraceous.
Description.-Occurs only within narrow limits of north-central Arkansas where it inhabits sandy, deep soils of the floodplain of the White River. Averages larger in cranial and external measurements than G. breviceps, the other species of pocket gopher in the state. Although distinguished from G. breviceps based on allozyme differences and a chewing louse (Geomydoecus spickai) that is specific to its sister taxon, G. bursarius missouriensis (Elrod et al. 1996) , there are no morphological features other than size by which the subspecies differs from other species of pocket gophers in Arkansas. Similarly, G. bursarius ozarkensis differs from G. bursarius missouriensis only in size.
Measurements.-External and cranial measurements for the holotype are total length, 303 mm; length of tail, 72 mm; length of hind foot, 30 mm; and ear from notch, 4 mm. Means for external measurements of the holotype and 9 topotypes are total length, 258 mm; length of tail, 66 mm; hind-foot length, 31 mm; and ear from notch, 4 mm. Means for external measurements of 18 allotypes are total length, 208 mm; length of tail, 53 mm; hind-foot length, 35 mm; and ear from notch, 3 mm. Means for cranial measurements for 35 adult female specimens are provided in Table 3 .
Etymology.-The subspecies name is derived from the Ozark Mountains, the physiographic region to which this subspecies is restricted in northern Arkansas.
The biogeographic history of G. bursarius ozarkensis and its relationships to other subspecies are of importance in understanding the current distribution of this form in the Ozark Mountains. G. bursarius ozarkensis occurs in deep, sandy soils of the floodplain of the White River in Izard County. Two specimens collected in the 1980s (V. R. McDaniel, pers. comm.) from across the White River in Stone County have been documented, but extensive searching at that locality has not confirmed an extant population. The closest records of G. bursarius to those of the Ozark populations are from Carter and Wayne Counties, Missouri, about 150 km NE. These populations are referable to G. bursarius missouriensis (Hall 1981) , but Heaney and Timm (1983) included them with G. bursarius major. Several attempts to collect pocket gophers at these localities have met with no success, and we agree with McLaughlin (1958) , who concluded that this population may now be extinct. Discriminant function analysis demonstrates clearly that these now extinct populations were allied with G. bursarius missouriensis to the north and not to the Ozark populations. Therefore, the Ozark populations appear to be separated by a much greater distance, Ͻ300 km, from extant populations of G. bursarius missouriensis in the vicinity of St. Louis, Missouri.
Distribution of pocket gophers in the central United States appears to be concordant with the prairie vegetational region (Wright 1971) , with certain taxa of pocket gophers occurring as isolated populations in areas of suitable grassland habitats embedded in eastern hardwood forest (G. bursarius ozarkensis, G. breviceps), coniferoushardwood forests of the Southeast and Gulf coastal plain (G. attwateri, G. pinetus) , and shrublands of Texas, New Mexico, and northern Mexico (G. personatus, G. tropicalis, G. arenarius, G. texensis) . Undoubtedly, this distribution has been shaped by past climatic changes and represents a snapshot of a dynamic process of temporal climatic-vegetational changes that will continue to impact distributions of pocket gophers. With this in mind, reconstruction of vegetational changes during and following glacial episodes, along with fossil evidence and our current knowledge of systematic relationships of pocket gophers, a reasonable scenario can be formulated to explain the current disjunct distribution of G. bursarius ozarkensis.
We propose that populations of G. bursarius ozarkensis represent an isolated relict of a once widespread series of populations of eastern pocket gophers that ranged into this part of the state from the north. Distribution of relictual pocket gopher populations has been explained as being due primarily to glacial advances, retreats, and deposits (Davis 1986; Russell 1968) . Davis (1986) proposed that vast areas of the ranges of extant and fossil species were covered by glacial advances during the successive Nebraskan, Kansan, Illinoian, and Wisconsin ice ages. These glacial events have been hypothesized as the mechanism for the isolation of G. pinetus in Florida (Russell 1968) . Davis (1986) agreed with this hypothesis to explain the current distribution of G. pinetus, concluding that pocket gophers were able to disperse eastward during the Pleistocene when soil conditions were suitable for range expansion of pocket gophers into this region. Davis (1986) (Guilday and Parmalee 1979) , and central Tennessee (Guilday 1977 ), it appears likely that a once widespread ancestral form of the plains pocket gopher ranged across the south-central states from the Ozark highlands to the western foothills of the Appalachian Mountains. These locations of pocket gopher remains in Arkansas, Tennessee, and Kentucky, as well as other prairie species such as the prairie chicken (Tympanuchus cupido) and the 13-lined ground squirrel (Spermophilus tridecemlineatus), led Parmalee and Klippel (1981) to suggest that drier conditions than those of present day favored extensive prairies or open parklands throughout the region. Presently, pocket gophers do not occur in Tennessee, Kentucky, and Mississippi, and G. pinetus occurs only in Florida and the extreme southern portions of Alabama and Georgia (Hall 1981) .
Fossil remains identified by Parmalee and Klippel (1981) as G. bursarius illinoensis in Tennessee are of direct importance in explaining the occurrence of a relictual population of a genetically distinct G. bursarius isolated in the Ozark Mountains of northern Arkansas. Based on similarities in cytochrome-b nucleotide sequences, G. bursarius ozarkensis was found to be in a major clade with G. bursarius majusculus, G. bursarius bursarius, G. bursarius missouriensis, and G. bursarius illinoensis (Fig. 2) . These data provide strong support for independent refugia for differentiation of these taxa during the Pleistocene. Furthermore, sequence divergence between G. bursarius ozarkensis and G. bursarius missouriensis is similar to that found between G. bursarius missouriensis and G. bursarius illinoensis, suggesting a similar time for divergence of G. bursarius ozarkensis, G. bursarius missouriensis, and G. bursarius illinoensis.
Of the 4 most recent glaciation events, the Kansan (1.4-0.9 ϫ 10 6 ) had the greatest southern extent and would have been a major factor in isolating Geomys in a refugium in the southern United States. Therefore, one explanation for the current geographic distributions of G. bursarius ozarkensismissouriensis-illinoensis would involve refugia for the forms ancestral to these taxa in the south-central United States, perhaps in close proximity to the Mississippi River. As the Kansan ice sheet retreated, pocket gophers began a northward expansion into areas of suitable habitat, with the Mississippi River isolating populations into eastern and western groups. The eastern group expanded northward along the Mississippi River and up the eastern and southern margin of the Illinois River in Illinois and into relict prairies in Indiana, differentiating into G. bursarius illinoensis. The western group followed the glacial retreat northward in a similar fashion, leaving isolates behind in the Ozark Mountains, with geographic isolation contributing to genetic differentiation of G. bursarius ozarkensis. Finally, northward movement and eventual isolation of populations in southeastern Missouri resulted in divergence of G. bursarius missouriensis. The range of this subspecies is parapatric with that of G. bursarius illinoensis but is separated from the latter by the Mississippi River (Hall 1981 
